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The r e c e n t   t r e n d   i n  microwave  instruments i s  the   u se  of m u l t i p l e  mill imeter and 
submi l l imeter   wavelength   bands .   These   sys tems  a re   typ ica l ly   ana lyzed   by   us ing  
phys ica l   op t ics ,   Gauss ian  beams o r   r ay   t r ac ing   t echn iques .   Phys i ca l   op t i c s  
o f f e r s   h igh   accu racy   a t   t he   expense   o f   computa t ion  t i m e .  This   t rade-of f  becomes 
p a r t i c u l a r l y   a p p a r e n t   i n   t h e   a n a l y s i s   o f   m u l t i p l e   r e f l e c t o r   a n t e n n a s ,   s u c h   a s  
beam waveguide  antennas,   where  physical   optics i s  u s e d   t o  compute t h e   c u r r e n t  on 
e a c h   r e f l e c t o r   f r o m   t h e   c u r r e n t  on t h e   p r e v i o u s   r e f l e c t o r .  A t  t h e   o t h e r   e n d  o f  
the   spec t rum i s  r a y   t r a c i n g   a p p r o a c h e s   t h a t   i g n o r e   d i f f r a c t i o n   e f f e c t s   e n t i r e l y .  
These  methods are f a s t   b u t   s a c r i f i c e   t h e   a b i l i t y   t o   p r e d i c t  some e f f e c t s  
a c c u r a t e l y .  

An intermediate   approach i s  t o   u s e   a n   a p p r o p r i a t e  se t  of   expans ion   func t ions   to  
model t h e   f i e l d   b e t w e e n   t h e   r e f l e c t o r s .   I f   t h e  set  i s  chosen  wisely  only a few 
coe f f i c i en t s   need   t o   be   de t e rmined  from  each r e f l e c t o r   c u r r e n t .  The f i e l d  i s  
then  computed a t   t h e   n e x t   r e f l e c t o r   t h r o u g h   t h e   u s e  of the   expans ion   func t ions  
and t h e i r   c o e f f i c i e n t s   r a t h e r   t h a n  by   u s ing   t he   p rev ious   r e f l ec to r   cu r ren t .  For 
a beam waveguide  system  with no enc los ing   t ubes   an   exce l l en t  se t  of  expansion 
func t ions  i s  the  Gaussian beam mode s e t .   I n  many cases  a p re l imina ry   des ign  
wh ich   i nc ludes   t he   e f f ec t s  on d i f f r a c t i o n  may be  obtained  by  consider ing  only 
the  fundamental  mode and a t h i n   l e n s  model f o r   t h e   r e f l e c t o r s .   H i g h e r - o r d e r  
modes a r e   i n c l u d e d   t o  model t he   e f f ec t s   o f   t he   cu rved   r e f l ec to r ,   wh ich   i nc lude  
a s y m m e t r i c   d i s t o r t i o n   o f   t h e  beam, c ross   po lar iza t ion ,   and  beam t r u n c a t i o n .  

This   paper   descr ibes  a computer  code  implementing  higher-order  Gaussian beam 
s c a t t e r i n g  by m u l t i p l e   r e f l e c t o r  systems.  T h e r e   a r e   f o u r   e s s e n t i a l   s t e p s   i n   t h e  
a lgor i thm.  (1) Compute t h e   c u r r e n t  on t h e   f i r s t   r e f l e c t o r   u s i n g   p h y s i c a l   o p t i c s  
u s i n g   e i t h e r  a f eed  model o r  by  an  incident   set   of   Gaussian beam modes. ( 2 )  Find 
the   d i rec t ion   of   p ropagat ion   for   the   re f lec ted   Gauss ian   beam-se t   us ing   ray  
t r a c i n g .  ( 3 )  Determine  the  wais t  s i z e  a n d   l o c a t i o n   f o r   t h e   o u t p u t  beam se t  by 
examining   the   ampl i tude   and   phase   d i s t r ibu t ion   of   the   cur ren t  on t h e   r e f l e c t o r .  
( 4 )  Compute the   ampl i tudes   o f   the   ind iv idua l  modes i n   t h e   o u t p u t  mode se t .   These  
s t e p s   a r e   t h e n   r e p e a t e d   f o r   e a c h   a d d i t i o n   r e f l e c t o r   i n   t h e   c h a i n .   I n   e a c h   o f  
t hese   ca ses   t he   p rev ious   Gauss i an  beam se t  p r o v i d e s   t h e   i n p u t   f i e l d   f o r   t h e  
c u r r e n t   c a l c u l a t i o n .  

Details of   the   four   s teps   d i scussed   above  w i l l  be   discussed.  Examples w i l l  
compare r e su l t s   f rom  the   Gauss i an  beam approach   t o   pu re   phys i ca l   op t i c s ,  
i l l u s t r a t i n g   b o t h  i t s  merits and  l imitations.   Hybrid  approaches  capable  of 
e l i m i n a t i n g  some o f   t h e   l i m i t a t i o n s  w i l l  a l so   be   d i scussed .  


